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ITEM:
VALVE, RELIEF, 1 INCH, L{2 FEEDLINE MANIFOLD RELIEF. (RVS)

FHCTION:

RELIEVES PRESSURE BUILDUP FROM LO2 MANIFOLD. HOT NORMALLY REQUIRED

OPERATE. THE MAIN POPPET OF THE VALVE IS ISOLATED FROM THE FEED Syst
UNTIL MECC BY THE UPSTREAM FEEDLINE RELIEF SHUTOFF VALVE {PV7). 1
RELIEF VALVE INCORPORATES A SENSE PORT WHICH SENSES THE LO2 MANITC
PRESSURE VIA A SENSE LINE, THE CRACKING AND RESEAT PRESSURES ARE BETWE

130 & 220 PSIc.

FATIORE MODE: )
FAILS TO RESEAT/INTERNAL LEAKAGE OF MAIN POPPET POST MECH.

CAUSE(Z] ;
PIECE PART STRUCTURAL FAILURE, BINDING, CONTAMINATION.

EFFECT(S) ON:
(A) SUBSYSTEM (B) INTERFACES (C}MISSION (D)CREW/VERTCLE

(A,B] RESULTS 1IN THE L0OSS OF HELIUM OVERBOARD DURING MANTFO

REPRESSURIZATION THROUGH THE FAILED MANIFOLD RELIEF VALVE {(RVS).
AFT COMPARTMENT PFURGE (RTLS/TAL ABORT CRITICAL).

LOSS

{C,D) NGO EFFECT FOR NOMINAL MISSION. POSSIBLE LOSs OF CREW/VEHIC

DURING RTLS/TAL ABORT.
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DISPOSTITICN & RATIONALE:
{(A)DESIGN (B)TEST ({)INSPECTICN (D) FAILIRY HISTCRY (E)OQPERATIONAL USE

{A)] DESIGH
YALVE

THE ERELIEF WVALVE CONSISTS OF TWO =SECTIONS: & FRESSURE ACTUATED MAIN
POPPET SECTION AND A PILOT SECTION WHICH SENSES MANTFOLD FRESSGRE 2Y
MEANS OF A SENSING LIWE.

THE PILOT SECTION CONTROLS THE QFENING AND CLOSING OF THE MAIN POFPET BY
ALLOWING THE MANIFOQLD PRESSURE T2 ENTER oOR EXIT A CONTROL CHAMBER. WHENM
THE MANIFOLD PRESSURE REACHEE A PREDETERMINED PILDT SETTING, THE PILOT
VENTS THE CHAMBER PRESSURE OVERBOARD ALLOWING THE PBRESSURE DIFFERENTIAL
ACROSS THE MAIN POFPET TO PUSH THE MAIN POFPET OFEN. ONCE TEE MANIFOLD
PRESSURE DROFS BEILOW THE PFILOT CONTRCL SETTING, THE FILOT POFPPET CLOIES,
THE MANIFOLD PRESSURE ENTERS THE CONTROL CHAMBER, AND THE MAIN FQPPET
TlOSES.

THE FOLIOWING CCMPONENTS MAY CAUSE A FAILIIRE TO RESEAT/REMATH CLOSED CR
LEAFAGCE DUE TQ STRUCTURAL FATLURE: MACHINED SPRING, STQP SPRING, STOPR,
PUSH ROD, PILOT POFFET SFRING, FILOT POPFET, FPILOT SEAT, PILOT SEAT
RETAINER, MAIN EELLOWS, MAIN SEAL, MAIN SEAT, PILOT SEAT ASSEMBLY SEAL,
AND PILOT SEAT ASSEMBLY SEAIL SPRING.

THE MACHINED SPRING CONTROLS THE CRACEKING FRESSURE. IT IS OF INCOHEL
718, HEAT TREATED AND PASSIVATED.

THE STOP SPRING PRELOADS THE PILOT 5TOP. IT IS A BELLEVILLE SPRING QF
HEAT TREATED INCONEL 718.

THE STCPF PRELOADS THE INSTDE DTIAMETER COF THE STOP SPRING. THE STOP IS
CRES PFH 15-5, HEAT TREATED AND PASSIVATED.

THE PUSH ROL PRELGADS THE PILOT PUPPET SPRING. THE PUSE ROD IS Az284
CRES, HEAT TEATED AND PASSIVATED.

THE PILOT PCPPET SPRING IS THE RETURN SPRING FOR THE PILOT POPPET.
THE SPRING IS OP ELGILOY S4-71A AND HEAT TREATED.

. THRE PILOT POPPET IS THE FLOW CONTROL DEVICE FOR THE FILOT VALVE, IT IS
CRES PH 131-8 MO, HEAT TREATED AND FASSIVATED.

THE PILOT SEAT IS TEFLON {(TFE}.
THE PILGT SEAT RETAINER RETAINS THE PILOT SEAT IN THE PILOT SEAT

ASSEMELY . IT I8 &F &051-T651 ALUMINIUM ALLIOY. THE DPILOT SEAT
RETATNER IS TCRQUED, STRESS RELIEVED, AND RETCRQUED.
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THE PILOT BELLOWS (2 PLY) AND MAIN SBELLOWS (3 PLY) ARE SIMILAR
CONSTRUCTION AND OF THE SAME MATERIAL. BOTH BELLOWS ASSEMBLI
CONSIST OF 3 PARTS:; THE FLANGE, A BELLOWS, AND A CAP: ALL OF INCO!
623 AND PASSIVATED. THE SEAMS OF THE BELLOWS ARE FUSION WELDED (¥L
FENETRATION) . THE FLANGE AND CAP ARE FUSION WELDED To THE BELLOW
EACH BELLOWS ASSEMBLY 1S TESTED FOR PROOF PRESSURE AND LEAKAGE BEFC
BEING ASSEMALED INTO A RELIEF VALVE. THE MAIN BELLOWS ASSEMBLY
THEN ELECTRON BEAM WELDED TO THE MIDCLE HOUSING ASSEMELY. THE Wi
IS DYE PENETRANT INSPECTED, PROCF PRESSURE TESTED, AND LPAE TESTED.

THE MAIN SEAL IS5 RULON-A, LAPPED TO A TWQ MICROINCH SURFACE FINIG
AND COMPLETELY RETAINED BETWEEN THE MAIN POPPET SEAL RETAINER AND 1
MAIN POPPET CAP.

THE MAIN SEAT IS CRES (DPH 13-8 MC) PASSIVATED. THE SEALING SURFACE
LAPPED TO A FOUR MICROINCH SURFACE FINISH.

THE PILOT SEAT ASSEMBLY SEAL PREVENTS INTERNAL LEAKACE FROM THE DI
CAVITY BETWEEN THE PILOT SEAT ASSEMALY AND THE HOUSING. THE "vVr SE
I5 A TEFLON JACKETED INCONEL 718 SPRING.

THE PILOT SEAT ASSEMBLY SEAL SFRING FRELOADS THE PILOT SEAT ASSEME
AGAINST THE PILOT SEAT ASSEMBLY SEAL. IT IS A BELLEVILLE SFERING
. 302 CHES AND PASSIVATED.

TWO COMPONENTS MAY CAUSE A FATIURE TO RESEAT DUE TO BINDING: THE MA
POPYET ACTUATING ROD AND THE PILOT SPRING-SEAT. THE MAIN FCPI
ACTUATING ROD TRANSFERS FORCE FRCOM THE MAIN BELLOWS TO THE MAIN POPPE
THE IPRING-SEAT FULLS THE PILOT POPPFET COMPLETELY OPEN (WHICH DUMPS PTT
FRESSURE TO ALLOW FULL FLOW THROUGH THE VALVE) BY EQUALIZING THE PRESSU
WITHIN THE MAIN BELLOWS WITH THAT OF THE FEEDLINE, AS SENSED BY THE PII
BELIOWS. FAILURE OF THE SPRING SEAT TC RETURN WILL PFREVENT THE PIL
POPPET FROM SEATING CAUSING FAILURE COF THE MAIN POPFET TO RESEAT.

THE MAIN POPPET ACTUATING ROD PASSES THROUGH A HOLE IN THEE THERM
ISOLATOR. THE THERMAL ISOLATOR IS VESPEL SP=21. THE HOLE IS OVER 2EV
DIAMETERS IN LENGTH, PRECLUDIKNG COCKING. THE ROD IS INCONEL 718 3
PASSIVATED. THE CENTER SECTION IS SMALLER IN DIAMETER THAN THE ENDS
REDUCE CONTACT AREA, PRECLUDING BINDING DUE TO CONTAMINANT PARTICI
TRAPPED BETWEEN THE ROD AND ISOLATGCR. THE CONTACT SURFACE HAS A
MICROTNCH FINISH WHICH MATES SMOOTHLY WITH THE THERMAL ISOLATCR.

THE SEAT-SFRING SLIDES SMOOTHLY AND FREELY WITHIN THE BORE OF 1
RETAINER. THE RETAINER IS CRES (PH 13=8 MO), HEAT TREATED A
PASSIVATED. ITS BORE IS APPROXIMATELY ONE DIAMETER IN LENGTH AND HAS
18 MICROINCH SURFACE PINISH. THE SPRING-SEAT IS 304 CRES AND FPASSIVATE
THE UPPER AND LOWER CIRCUMFERENTIAL CONTACT SURFACES ARE POLISHED TO A
MICROINCH FINISH,

SYSTEM CONTAMINATION IS MINIMIZED DOUE TO THY PRESENCE OF AN BT SCREEN,
. G5E DERRIS FLATE, AND A GSE FILTER.
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STRUCTURAL ANALYSTS INDICATES DPOSITIVE MARGCINS OF BSAFETY PFOR ALL
CONDITICNS OF VALVE COFERATIONS.

ST STEM
PRESENT SYSTEM CONFIGURATION ALLOWS 12 INCH FEEDLINE VENTING THROUGH SSME
HPOT SEALS. PRESENT DUMP SEQUENCE PREVENTS EXCESSIVE MANIFOLD PRESSURE
BUILDUP. FLIGHT AND GROUND TEST EXPERIENCE HAS SHOWN THAT MANIFOLD
PRESSURE DOES NOT INCREASE TO MINIMUM RELIEF VALVE CRACKING PRESSURE FOR
HOMINAL QOPERATICN.

(B} TEST
ATE

VISUAL INSFECTICN
STROKE VERIFICATION OF MAIN POPPET (0.22% +/- 0.002 INCH)

AMRTENT TEST
FROOF PRESS:. VALVE BODY, 440 PSIG INLET & SENSE PORT, 450 PSIG OUTLET
INTERNAL LEAKAGE: i

1 TOo lav PSIG GHe AT INLET AMD SENSE PCRT; .
13 SCIM MAX AT OUTLET PCRT .

EXTERNAL LEAFMRCGE: 230 PSIC GHapy 5 SCIM MAX
CRACK/RESEAT: 190 TO 220 PSIG
REVERSE FLOW LEAKAGE:
10 PSID GHe OUTLET T INLET
MAIN SEAT LEAKAGE 30 3CIM MAX :
PILOT REVERSE LEANAGE 1700 SCIH MAX.
CRYOGENIC TEST (GHe AT =300 DEG F):
CRACK/RESEAT: 190 TD 220 PSIG, VALVE BODY AMBIENT
EXTERNAL LEAFAGE: 220 PSIG, 10 SCIM MAX, VALVE BODY -100 DEG F

INTERNAL LEAFAGE: 180 PSIG, 10 3CIM Hhx; VALVE BODY -100 DEG F
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CERTIFICATION

LIFE TEST

CR¥Q - 4500 CYCLES OPEN AND CLOSED USING IN2, VALVE CHECKED FOR
INTERNAL LEAFAGE AFTER EACH 500 CYCLES, VALVE CHECKED FOR CRYQ
INTERNAL LEARAGCE APTER EACE 1500 CYCLES. '

AMBIENT = 500 CYCLES, VALVE INTERNAL LEAK CHECK FACH <o CYCLES.
CRYQ STEADY STATE FLOW TEST

SENSES PORT PRESS AT 230 PSIG GHe AT -3120 DEG F
FLOW RATE QF 127 GPM LN2 AT 103 PSID

CRYD RESPONSE TEST

1.5 SEC TO IHDI&ATE STEADY FLOW APTER CRACKING WITH LN2
CRYQ FUNCTIONAL TEST USING LM2

CRACKED AT 208 PSIG; RESEAT AT 192 PSIG
RANDOM VIBRATICN 13.3 HOURS IN BACK OF THE THREE AXES

FIRST 4 HOUR AND 26 MINUTE PERIGD
ENVIRONMENT: AMBIENT
SENSE PORT: 180 PSIG (CHa AT =320 DEQ P
MAIN INLET: AMBIENT

SECOND 4 HOUR AND 26 MINUTE PERIGD
ENVIRONMENT: AMBIENT TO +100 TO =140 TO AMEIENT
SENSE PORT: 180 PSIG GHe AT ~330 DEG F
MAIN INLET: 183 PSIG GHe AT -320 DEGC P

TEIRD 4 HOUR AND 2§ MINUTE PFRIOD
ENVIRCNMENT: AMBIENT
: 180 PSIG GHe AT =~320 DEG F
MAIN INLET: 180 FSIG LN2

CRACK/RESEAT AND INTERNAL LEAKAGE PERFORMED AT COMPLETION OF EACH AXI:
OF VIBRATION.

BENCH HANDLING AND DESIGN SHOCK PER MIL-STO-B10
FOLLOWED BY AMBIENT CRACK/RESEAT AND INTERNAL LEAKAGE TESTS.
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THERMAL CYCLE TEST (3 CYCLES)

VALVE AT 70 DEG F; SHOCKED WITH -30C DES F FLUID FOR 20 MINUTES MIN:
VALVE ALLOWED TO WAEM UPF TO 70 DEG #; VALVE HEATED TG 275 DEG F FOR 15
WINUTES. CURING THE 15 MINUTES THE VALVE WAS TESTED FORP AMBIENT
CRACE/RESEAT FRESSURE.

ELECTRICAL EBONDING

BORST TEST
E3D PTIG ON SENSE AND INLET PORTE, 1200 PSIS OMN OUTLET PORT

OMESD

V41AY0.140 LHZ PROP SYS DECAY CHECEK (EVERY FLIGHT)

V41BEC. 320 RVS LQZ MANIFOLD RELIEF VALVE INTERNAL LFAK TEST (I5)
V41BHC. 070 RV LC2 MANIFOLD RELIEF VALVE FUNCTIONAL (IS)

V41BUOC. 160 Lo TEEDLINE SCREEN INSFECTION (1I5)

V4AIBUO.162 LO2 FEEDLINE SCREEN INSPECTION - VERTICAL (Iz25)

{C) INSPECTION
RECEIVING INSPECTION
RAW MATERIALS ARE VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS

CERTIFICATION. PART PROTECTION COATING AND PLATING REQUIEEMENTS ARFE
VERIFIED BY INSPECTIOHN.

CONTAMINATION CONTROL

CONTAMINATION CONTROL FPROCESS AND CORROSION PROTECTION PROVISIONS ARE
VERIFIED. CLEANLINESS To LEVEL 400A (FROGCUREMENT SPECIFICATION
REQUIREMENT IS5 300A) VERIFIED BY INSPECTION. -

ASSEMBLY/INSTALIATION

ALL CRITICAL DIMENSIONS ARE VERIFIED BY INSPECTION. LOG OF CLEAN ROOM
AND ToOL CALIBRATION IS VERIFIED BY INSFECTION. TORQUE PER DRAWING
REQUIREMENTS AND SURFACE FINISH ARE VERIFIED BRY TNSPECTICON. SURFACES
REQUIRING CORROSION FROTECTION ARE VERIFIED BY INSPECTION. ALL SEALING
SURFACES AND SEALS ARE VISUALLY EXAMINED BEFORE INSTALLATION USING 10X
MAGHIFICATION. MANDATCRY INSPECTION POINTS ARE INCLUDED IN THE
MANUFACTURING PROCELURE.

CRITICAL FROCESSES

HEAT TREATMENT, WELDING, PARTS PASSIVATION, AND ANODIZING ARE VERIFIED.
DRY FILM LUBRRTCANT APPLICATIONS ARE VERIFIED BY INSPECTION.
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NONDESTRUCTIVE EVALUATION

ALL WELDS APE VISUALLY EXAMINED AND VERIFTED BY DYE PENETRANT.
ADRITION, BELLOWS WELDS (EXCLUDING END FITTING WELDS) ARE X-RAYED.

TESTING

ATP VERIPIED BY INSPECTION.

HANDLING/PACEAGING

PACKAGING FOR SHIPPING IS VERIFIED BY INSPECTION.

(D) FAI1URE HISTCORY

co ON

THIS FPAILORE MODE HAS KNOT OCCURRED ON THIS COMPONENT DOE
CONTAMINATION. HOWEVER, GENERAL MPS SYSTEM CONTAMINATION HAS QCCURR
WHICH MAY LODGE ANYWHERE 1IN THE SYSTEM <CAUSING THIS FAILURE MO
(REFERENCE THE FOLLOWING PARAGRAPHS) .

CONTAMINATION FAILURES HAVE OCCURRED AT ALL PHASES oF MANUFACTURING A
FARTS REPLACEMENT. 1IN ALL CASES, STRICT ADHERENCE TUO CLEANLINESS CONTE
PROCEDURES IS THE PRIMARY METHOD OF CONTAMINATION FREVENTION.

NUMERQUS LARGE PARTICLES OF BLACKX RUEBER MATERIAL WERE FOUND DURING
POST FLIGHT EXAMINATION OF THE LH2 17 INCH DISCONNECT OF OV0%9 (FLISHT °
REFERENCE CAR AQ9800), THE LQ2 AND LHZ SYSTEMS OF ALL VEHICLES WE
EXAMINED. HO RUBHER WAS FOUND IN ANY OTHER VEHICLES. AFTER EXTENST
INVESTIGATION THE ORIGIN WAS NOT DETERMINED,

METAL SHAVINGS HAVE BEEN OISCOVERED IN LINES AND COMPONENTS, WHICHE Wi
MOST LIFELY GENERATED WHEN THEY WERE CUT OUT AND/OR REPLACED (REFEREM:
CARs AC9068, A9654, AC2210, AP1706; DR AD2225). METHODE ARE BEI!
REVISED TC MINIMIZE PARTICLE GENERATION WHEN INSTALLING/REPLACT!
COMPONENTS, LINES, AND FITTINGS REQUIRING WELDED OR PRAZIED JOIN'
(PRODOCT QUALITY IMPROVEMENT COUNCIL) . PERSONNEL HAVE BEEN CAUTIONEI
ROCEWELL PROBLEM ACTION CENTER WILL CONTINUE To HONITCR BRAZING/WELDI}

REWORK CCONTAMINATION. PROCEDURES ARE BEING REVISED TO IMPRO:
CLEANLINESS MAINTEMANCE DURING COMPONENT BUILD UD AND REWORK (REFEREN!
MCR 12512). SUPPLIER DOCUMENTS/PROCEDURES HAVE B2EEN REVIEWED Al

CLEANLINESS MAINTENENCE PROCEDURES HAVE BEEN IMFROVED,

A PLECE OF A BRAZING PREPORM LODGED IN A 2-WAY SOLENOID VALVE ON OV=0:
AT PALMDALE CAUSING A LEAKAGE FAILURE (REFERENCE CARs ACZ2111, AB231B)
STEEL AND ALIMINUM PARTICLES CAUSED EXCESSIVE LEAXAGE CON THE 850 P5]
HELIUM RELIEF VALVE (REF CAR ACZ229) ., FOR BOTH FAILURES CORRECTIV
ACTION WAS TO ADD SPECIAL PURGE PORTS TG THE MPS HELIUM PANEL ASSEMEBLII
TC IMPROVE THE QUALITY OF FINAL CLOSEOUT BRAZES.
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SEVERAL FOREIGH MATERIALS WERE INTRCDUCED INTQ THE MPS SYSTEM DURING
MANTIFACTURE AND PARTS REPLACEMENT. EXAMPLES ARE: GLASS CLOTH IN LINE To
PREVENT TRAVEL OF CHIPS DOWN LINE: POLYSTYRENE OQABJECT TD HOLD VALVE
BOPPET OPEN WHILE PURGING: COTTON SWAB MATERIAL AND GLASS BEADS FROM
CLEANING QPERATION: MISCELLANEOUS PLASTIC; FOAM: AND TAFE (REFERENCE CARS
AB4751, ACZZ17, ACe763, ACIHSZ, MPS3IA000E, ACTI912, ABOS20). MATERIALS
WERE REMOQVED AND PERSGNNEL WERE CAUTIONED. A HIGH FLOW DELTA P TEST AT
PALMDALE WAS ADDED TO VERIFY THAT LINES WERE NOT PLUGGED. GRIT BLASTING
(GLASS BEADS AND SAND USED TC CLEAN A LINE} I5 NO LOWHGER FPERFCRMED.
PROCEDURES ARE BEING REVISED TO IMPROVE CLEANLINESS MATIMNTEMNANCE DURINGC
COMPONENT BUIILLD UP AND REWORK (REFERENCE MGR 12512)., SUPPLIER
DOCUMENTS /PROCEDURES HAVE BEEN REVIEWED AND CLEANLINESS MATNTENENCE
PROCEDURES HAVE BEEN IMPROVED.

ONE PIECE QF WIRE WAS FoOUND IN THE INTERNAL RELIEF VALVE QF THE LG2
PREVALVE ON OJv103 (REFERENCE QAR ACS10l). THE SOQURCE ©F THE
CONTAMINATION WaSs NEVER FOUND, BUT IT WAS BELIEVED TO BE FROM THE ET.
QTHER CONTAMIMNATION HAS BEEN FOUND ON THE PEEDLINE SCREENS, SUCH AS AN
UNIDEWTITIED ROUNMD ORTECT AND VARIOUS METALLIC PARTICIES (REFERENCE CARS
ABOR29 AND ABOJSIC). SOURCE OF CONTAMINATION WAS UNDETERMINER. SCRESCOPE
EXAMINATIONS ARE CONDUCTED ON ALL FEEDLINE SCREENS EVERY FIFTH FLIGHT TO
VERTFY CLEANIITNESS. CONTAMINATION WAS REMOVED WHEN POSSIBLE.

{E] CFERATIONAL USE
NO CREW ACTION CAN BE TAKEN.
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